1 Similarly, Louis René
The distributions of heights by enlistment dates indicates that the largest of the MHR in effect during the period under consideration was 62 F.i. (1678 mm) (Figure 1 ). 14 We discard the observations smaller than this MHR, or to be on the conservative side, we actually discard the observations smaller than 61.75, assuming that those who were just slightly below the MHR were probably allowed to slip through, i.e., their height was probably rounded up to the nearest whole inch. 15 By eliminating observations below 61.75 F.i. the size of the working data set is reduced to 28,000. 16 Soldiers in a number of special companies (N=2,771), such as the grenadiers (grenade throwers), had heights well above average, and hence a dummy variable was introduced in order to control for the height of men serving in these companies. 17 We investigated if the measurement techniques or recruiting selectivity changed sufficiently over time to affect substantially the recorded height of the recruits, by using the decade of enlistment as an independent variable in the TOLS regressions. 18 If, for example, those born in the 1750s and recruited in the 1770s would turn out to be taller than those who, though born in the same decade, were recruited in the 1780s, then one might well infer that that difference was due to enlistment or measurement effects. A hypothesis to be tested is whether recruits were initially measured with their boots on, and subsequently without. In that case, we would find an abrupt, and once-and-for-all decline in the coefficient of the enlistment variable.
However, we do not find such pattern that could be attributed to changes in measurement technique. Instead, we find that these effect fluctuates over time and are inconsistent among youth and adults (Table 3 ). The adult coefficient increased substantially toward the end of the period under consideration. Though this might be interpreted as supply or demand effects, we are hesitant to do so. While it is imaginable that somewhat taller men entered the army during the economic downturns just before the revolution, the inconsistencies across age groups, leads us not to attribute much significance to this result, and in subsequent analysis we do not include the enlistment variable. In any event, it is noteworthy that the enlistment effect varies over time, because that implies that the result was not likely to have been caused by systematic changes in the measuring practices.
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The overall trend in the height of French men
We first estimate adult heights annually using TOLS regression in which dummy variables were entered for the date of birth. Subsequently, five-year-moving averages were calculated from these annual values. The cycles and trends are averages for all of France, though the level of the estimates is standardized for the Ile de France. 20 The results indicate vividly that the French population was extremely short in the 17 th century: around 1617 mm (Table 4 and Figure 2 ). Such average adult heights were not to be seen in France again. Furthermore, there is evidence of considerable short-term fluctuations during the course of the second half of the 17 th century. 21 An amazingly rapid recovery began in 1695 after the severe demographic crisis of 1693-94, and extended until 1706, with an average increase in heights of some 3.2 mm per annum for a period of 12 years. The relatively high plateau, at 1655 mm, was maintained for the subsequent 12 years (1706-1716), but was reversed beginning with 1717 when a decline in physical stature began lasting until 1724, though heights remained well above 17 th c. levels. In fact, even at the troughs of 1724 and 1760, heights in the 18 th century remained well above those of the 17 th century. A persistent cyclical upward trend began in the mid-1720s, that lasted with minor interruptions until 1740, reaching and even exceeding the early-18 th -century maximum. Thereafter ensued a marked diminution in physical stature, that lasted until 1761, with a possible reversal of the downward trend in 1762 and 1763, the last years for which data on adults are available. These basic results were corroborated in a number of different ways we analyzed the data.
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We next use quinquennial dummy variables for the date of birth in a TOLS regression in order to compare the adult series to the height of the youth (Figure 3) . A quenquennial estimates for youth include ages 16-22 but the level is standardized on 22-year-old soldiers of the Ile de France (Figure 3 ). The correlation between the adult and youth estimates is best when the youth height series is lagged by five years. 23 This shifts the overlap between the nutritional experiences of the adults and youth toward the very end of the growth process. 24 According to the results there was an upward trend also in the height of youth that peaked in the early 1740s, to decline thereafter. There were considerable short-term fluctuations. The major departure from the adult pattern is discernable only in 1705-9 when the nutritional status of the youth decreased while that of the adults does not.
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Spatial Patterns
Throughout the period under consideration, heights were shortest in the center of the country from Auvergne to Brittany, with heights increasing outwardly in a kind of semicircle toward the periphery. The tallest men in the sample were born around the Mediterranean, in the North, and in the Northeast (Map 1). The regional pattern was similar in the 17 th century, though the increase from south to north was more clearly defined, and in the Mediterranean only Provence had men among the taller categories (Map 2). The increase in height at the end of the 17 th century was quite general throughout France. In more than half of all gouvernements the increase in height was in excess of 3 cm between the 17 th -century trough and the early-18 th -century apex ( Figure 4 ).
However, even at the peak, heights in the center of the country were at relatively low level of 165 cm 26 ( Figure 5 ), with the regional pattern remaining more-or-less unchanged. The difference between the height of men born in Hainaut and those born in Auvergne was a substantial 4 cm.
In order to ascertain spatial variations in the trends and cycles in physical stature, we estimate heights at the regional level. Because of disaggregation, there are smaller number of observations available; hence we use decadal averages as the basis of comparison. The cycles found above were, in the main, quite congruous throughout the country, albeit with some deviations delineated below. Nutritional status in the Southwest 27 tracked the French average very closely until 1730 and fell below it thereafter to some extent, while in the Mediterranean 28 region heights tended to be consistently above average ( Figure 6 ). The height advantage of the Mediterranean region over the Southwest was at least two cm during most of the 18 th century.
Heights in the Center, expanding from Lyon to Brittany also followed the average fluctuations in the country. This region was, in turn, divided into three sections, East-Center, West-Center and Center-Center. In the West-Center 29 and in the Center-Center 30 regions heights were well below average throughout the observation period, and were correlated sufficiently to be combined for purposes of analysis ( Figure 7 ). In contrast, soldiers from the East-Center 31 were consistently very near to the French average. So were, until the 1740s, the men from the three provinces of Normandy, Ile de France and Champagne, referred to as the Mid-North. The major distinguishing feature of their height pattern is that heights of men born in the 1750s were well above average.
Finally, we combine the estimates of the Northeast provinces (Franche Comte, Alsace, and Lorraine) and of the North (Picardie, Artois, Hainaut, and Flanders) which had the tallest men in
France throughout most of the period (Figure 8 ). In sum, the analysis of the trend at the regional level indicates that there was considerable correlation among them, even though there were substantial differences in the level of heights themselves. The tallest men were found in the North, Northeast, and the Mediterranean and the shortest in the Center and West-Center.
We next divide France into "tall" provinces (North, Mid-North, Northeast 32 and Mediterranean) on the one hand, and "short" provinces on the other (Center, West-Center, Southeast) ( Figure 9 ). It is noteworthy that the two estimates are practically parallel to one another throughout the observation period with a difference in favor of the "tall" provinces of some 2.3 cm. 33 There is a high correlation between the height of youth and those of adults at the provincial level. We do not present these graphs here because of space considerations. Youth from the tall provinces were also much taller than their counterparts from the short provinces ( Figure 10 ).
Urbanization had practically no systematic effect on heights anywhere except in Paris.
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The coefficient of the log of the town size variable was invariably small and insignificant at the. 35 This is the case at the provincial, regional, and at the country-wide levels. For both the short and tall provinces adult heights were almost identical for rural and urban 36 men (Figures 11 and 12 ).
As stated in the introduction, it is highly probable that the town of provenance designations were not correctly recorded by the recruiting officers and that, except for Paris, soldiers from the vicinity of a town were probably just conflated with the town populations themselves. The only major divergence from the general trend is among soldiers from Paris, who were markedly shorter than average between the 1690s and 1730s 37 ( Figure 12 ).
Heights and Occupation
Height differences of adults by occupation is analyzed using the father's occupation if available. If unavailable, we used the soldier's occupation as a proxy of the family circumstances during the soldier's youth. 38 The results correspond to the social hierarchy of the period: textile workers were about 36 mm shorter than soldiers with an upper class background ( Figure 13 ). 39 Propinquity to food conferred an advantage beyond what one would expect on the basis of socio-economic status. Occupations related to the processing of food products, such as butchers and bakers were 7 mm taller than skilled craftsmen, and were as tall as middle-class soldiers. This points to the advantages of the propinquity to food for nutritional status during childhood and adolescence.
Heights and Exogenous Influences
We explore the effect of two influences on French heights for which data are extant:
wheat prices as a proxy for agricultural conditions, and climate as a measure of the environmental situation. Prices reflect the relative scarcity of foods in general, and should therefore correlate inversely with consumption and, thus, with heights. In turn, weather conditions can effect physical stature in two ways; it can effect it directly through influences on the basal metabolic rate, i.e., the amount of nutrients the body needs to maintain its biological functions, such as keeping body temperature at the appropriate level. An increase in the temperature of the environment implies that the human organism does not need to use as much of its nutrient intake to maintain body temperature and hence more nutrients remain available for the growth process. 40 In addition, climate also has an indirect effect on human physical stature insofar as it had a proximate effect on agricultural production under pre-industrial conditions. Favourable summer temperatures, in particular, brought about larger harvests, and greater output of hay and pasture grasses. These, in turn, would have affected the production of both meat and dairy products on which data are generally not extant for this period. 41 In addition, warmer weather presumably also had a positive impact on the size of livestock, insofar as the amount of nutrients they themselves consumed could be used for their growth, rather than for maintaining body temperatures. Hence, the influence of climate on human physical stature is theoretically quite plausible, and has been found in other populations as well. 42 The French height data support these theoretical considerations. We find a quite pronounced negative correlation between height of youth (with a 5-year lag) and of cereal prices at Beauvais 43 ( Figure 14) . A similar negative correlation between height and grain prices has been documented for other countries. 44 In addition, a positive correlation is found between both Swiss 45 and English temperatures and heights 46 ( Figures 15-17 ). The correspondence, except during 1720-24 is quite remarkable, given that the heights and temperature readings are not for the same geographic entity, even if, in the case of Switzerland, they are for a contiguous one. 47 The only temperature data available for France for the period is for Paris for the years 1675-1715. 48 The positive relationship between physical stature and climatic conditions is again impressive ( Figure   18 ). Rainfall too, particularly in the autumn, had a negative effect on heights (Figure 18 ), insofar as dryer summers and autumns were beneficial to the harvest, because too much rain destroyed crops. 49 Hence, the influence of climatic conditions and of prices on physical stature is evident.
These basic results are confirmed in a multiple regression framework, even if the independent variables are not always significant due to multicollinearity. The F-statistic is nonetheless, significant, and the coefficients are of the right sign, and at least one of the independent variables is significantly different from zero (Table 5) .
Without the collaborative evidence on the very substantial rise in temperatures in the early 18 th century, the very large increase in adult physical stature of almost 4 cm might well be considered with some incredulity for being unprecedented. 50 Such rates of increase in human size have been observed only at the cessation of widespread famines due to a natural-or man-made catastrophes, or in cases when dietary supplements were introduced to improve the diet of a malnourished population. Evidently, the 17 th century were starving times for the majority of the French population, and the substantial improvement in weather conditions, including an increase in temperatures and a decline in summer and autumn rainfall, had an almost immediate ameliorating impact on their biological condition. 51 Clearly, less calories were needed for the basal metabolic rates under such improving environmental conditions, and at the same time agricultural output must have increased in previously unmeasured ways, by affecting the output of meat and dairy products. These were hitherto unknown,-and perhaps even unimaginable -improvements in the human condition at the end of the Little Ice Age.
International Comparisons and the Anthropometric History of the French Revolution
Evidence on physical stature is unavailable for other European countries in the 17 th century, but by the time it does become available in the early-18 th century the obtained patterns are highly synchronous with French height trends and cycles. The 18 th -century peak is reached among the birth cohorts of the 1740s, in a large number of countries and regions, including England, Sweden, Hungary, and Bohemia and the trend thereafter is downward in most cases until the end of the century 52 ( Figure 20 ). This is also the case for a number of other regions not depicted in Figure 20 , such as Bavaria, Northern Italy, Lower Austria, Moravia, Galicia, Ireland, and Scotland. 53 There can be no doubt at all that the French pattern fits perfectly into the general anthropometric history of 18 th -century Europe.
It is interesting in this regard to consider the developments of French nutritional status during the generation prior to the outbreak of the Revolution in 1789. Was the threat of a Malthusian crisis unusually severe in France? Although, we have not collected evidence for the revolutionary period itself, there do exist data on the height of 20-21 year-old conscripts of the Napoleonic period. 54 The average height of recruits of this age bracket born at the end of the century was 1636 mm. This value is on a solid evidential basis, insofar as it is based on all soldiers who served in the military. We can estimate adult height of the birth cohorts of the 1780s, 1790s and 1800s as being about 1 cm beyond those of the 20-and 21-year olds or about 1646 mm ( Figure 20 ). The comparison implies that, though adult heights did decline to some degree during the generation prior to the Revolution, the diminution was by no means substantial. Actually, the deterioration in nutritional status in France was not at all more critical than in other parts of Europe. Though there were obvious signs of a threat of a Malthusian crisis, its severity was well within the European norm, and very far from being as precarious as it had been in the 17 th century.
In addition to adults, we can examine the secular trend in the height of 20-and 21-year olds taken together, because these ages became the recruitment standard under Napoleon, which enables us to make comparisons with heights of the revolutionary period without resorting to adjustments for growth after age 20/21. We do obtain the same pattern among the 20-21 year olds as among the adults: there is a slight decline in the intervening decades, but the diminution in heights is practically identical to that obtained for Bohemian and Hungarian soldiers of the same age ( Figure 21 ). The decline was by no means dramatic -heights decreased to the level prevailing in the 1750s, and was dwarfed by the much greater social differences of the time between the students at the École Polytechnique, and those of the ordinary citizens of the Revolution. The students at the École enjoyed a 7 cm advantage over their lower-class brethren, though such social differences were rather common in Europe at the time.
Nonetheless, the lower levels of nutritional status do indicate that the French society was being challenged, as were the other European societies of the time, by the diminution in food availability per capita at mid-century. 55 This ought not be disregarded, because the generation of the 1750s with a lower nutritional status, were 30-to 39-years old at the outbreak of the revolution, and would certainly have participated in the associated upheavals. The nutritional deprivations they faced in childhood and adolescents might well have colored their perception of the Ancien
Régime.
The slight rebound in heights of the birth cohorts of the 1760s (Figure 2 , 3, and 21) enables us to infer that the nutritional crisis prior to the outbreak of the revolution was neither particularly prolonged nor hopelessly severe. Admittedly, the evidential basis is incomplete -for evidence is lacking on the birth cohorts of the 1770s, but it is, nonetheless, taken together, quite suggestive: the Malthusian crisis that was threatening all of Europe, and France in particular, was very far from being as overwhelming as it had been in the 17 th century. Though these were nodoubt adverse times, the nutritional status was not deteriorating rapidly and hopelessly in France,
and there seems to have been sufficient buoyancy in the economy to overcome the cyclical nutritional downturn that started in the 1750s.
Conclusion
The height of the French male population born between circa 1660 and 1760 was estimated, The height of the average adult Frenchmen was some 161.7 cm -a stature that was not recorded since then. This is one of the major findings of this investigation.
With the improvement in climatic conditions at the turn of the 18 th century, the human organism responded to an unprecedented degree, increasing in size by some 3.8 cm within a short span of 12 years. Thereafter the trends and cycles in physical stature were influenced not only by annual temperatures, but by grain prices, and rainfall as well. The physical stature of men increased until the birth cohorts of the 1740s, to decline thereafter, in keeping with the European norm, but the decline of the 1750s was by no means unusually severe. Rather, it appears that the threat of a Malthusian crisis was mild by 17 th -century standards, and its intensity in France was not at all more powerful than in other parts of Europe. France was obviously not suffering from a prolonged period of malnutrition brought about by stagnating agricultural conditions or economic depression as some scholars have argued in the past. 58 Rather, on a per capita basis, the French economy probably grew as impressively in the 18 th century as did the British. 59 Hence, he anthropometric evidence supports the notion that the French economic performance was not the fundamental cause of the political turmoil of the 1780s. The coming of the French
Revolution cannot be explained on the basis of objective economic circumstances alone. That is not to say, that all was well. There were obvious signs of incredible social differences, which could have clearly fueled the political fires of rebellion. The height of the upper classes was well above those of the average Frenchman. It was as though the two social classes lived in different worlds, but, that, too, was the European norm of the time. In the final analysis, the evidence unearthed in the French military archives suggests that the events of 1789 was rooted more in perceptions, in ideology, and in political forces, than in objective economic circumstances. This is the second important finding of this investigation. presume that Franche Comte was meant in most of these cases, we attempted to identify the villages or towns as actually belonging to Franche Comte. Of the 959 such localities, 347
were actually found to be in Franche Comte, and they were changed accordingly. The others were included in the unknown province-of-birth category. In addition, more than a thousand records on men born outside of France were eliminated from the sample. 1738  1700  1733  1690  1729  1680  1726  1670  1722  1660  1719  1650  1716  1640  1713  1630  1711  1620  1709  1610  1707 1600 We used this schedule to obtain our estimates of the height of the French male population from the calculated truncated means. (Table   2) . 16 Adults N = 15,786; and youth (age 16-22) N = 12,378. 17 Other such companies were those designated mestre (flag bearers), and as colonelle (registers 14, 18, 30,41, 477, and 496) and as lieut. colonelle (registers 18, 496). Their average height was about 174.6 cm as compared to the average of 169.1 cm for all recruits. 18 The distribution of heights was investigated also by battalions in order to ascertain if there were some anomalies in recruitment across army units. We find that soldiers in battalions 1 and 4 (after the birth cohorts of the 1720s) were markedly taller than those in the other battalions. The height distributions of adult soldiers recruited after 1762 in these two battalions indicate that 29 percent of the soldiers were taller than 64.5 F.i. (174.6 cm) compared to 18 percent in the other battalions even if the grenadiers were excluded from the sample. Perhaps not all the grenadier units were identified in these battalions, or perhaps these became special-purpose battalions, so that taller soldiers were assigned to them. That they also had a much larger proportion of grenadiers (19 % v.s. 10% in the other battalions) suggests that they could well have been special-purpose units. This is particularly the case since among those recruited after 1762 in battalions 1 and 4 fully 29 percent of the soldiers were in grenadier units, whereas there were none in the sample from the other battalions after 1762. Obviously, the grenadiers were not distributed evenly among the army battalions. The height of grenadiers enlisted before 1762 was 174.7 cm in battalion 1 and 174.3 in the other battalions. Hence, there was not much discrimination across army units for grenadiers prior to 1762. Thereafter, only battalions 1 and 4 had grenadiers in our sample, an indication that our sampling procedure did not apply randomly across all army units. The mean raw height of grenadiers enlisted after 1762 is 176.9 cm. 19 If, for example, recruits had been measured with boots at the outset, and without boots thereafter, the recorded heights would have declined by some 1-2 cm, rather than increase toward the end of the period. So that such an effect cannot account for an increase in height, because it is not likely that soldiers would have been measured without boots at first and then with their boots on. Moreover, there were only 329 observations on adults recruited in the 1780s and 593 on those recruited in the 1770s. 20 Dummy variables were included for the province of birth as well as for grenadiers so that fluctuations in the share of grenadiers in the sample would not influence the cycles in our estimates. On average, grenadiers were 34.6 mm taller than soldiers in other companies, and they made up 12 percent of the adult sample. However, insofar as grenadiers were also recruited from the general population, the level of the (pre-adjusted) estimated height of the population was increased by 4.15 mm. 21 There are 1,495 observations in the sample prior to 1685, so that this result is based on sufficient evidence. lived through 1719-23, so that the decline in height that first appeared among 23-year-olds born in 1700 might well become noticeable among 18-year-olds born a year later. Such cohort effects imply that the height of youth and that of adults need not show identical trends when considered by birth cohorts. In addition, rounding the age on even numbers might well have also contributed to inaccurate estimates among the youth. Consider that the number of observations in the working data set tends to be greater among even than among odd ages. N  18  2,043  19  1,892  20  2,030  21  1,534  22 1,959 25 In the latter period the difference is due to the unusually large number of grenadiers in the adult sample. While the share of grenadiers in the adult sample was on average 1.2 times as high as the share among the youth (10.2 v.s. 8.4), in this quinquennium the share among the adults was 1.7 (25.2% v.s. 14.7%) times as high as among the youth. However, the fluctuating share of the grenadiers is not the cause of the variation in the two series in the 1705 quinquiennium. 26 We disregard the estimate for Marche as an outlier.
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27 Includes Guyenne, Gascogne, Bearn, and Comte de Foix. 28 Includes Languedoc, Roussillon, Provence.
29 Includes Saintonge, Aunis, Poitou, Anjou, Touraine, Orleanais, Maine, Bretagne.
30 Includes Auvergne, Limousin, Marche, Bourbonnais, Berri.
31 Includes Lyonnais, Nivernais, and Bourgogne. 32 Includes soldiers whose birthplace was designated as "Comte" but who could not be identified as having been definitely born in Franche-Comte. Their height was actually very close to those born in Franche-Comte, and could be presumed that most of those were actually born there. For the purposes of this analysis soldiers born in Dauphiné and Venaissin were put in the "short" provinces, and those born in Lyonnais were put into the "tall" ones. 33 However, in the 1760s the cleavage appears to have doubled between the two parts of
France. Because the number of observations is very small for this birth cohort (N=87 for "short" and N=166 for "tall" provinces), this result must be considered tentative. 
